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PREFACE

This is the second in a series of Rand Notes describing the

application of a newly formulated subjective measurement method to the

evaluation of tactical air command and control. It describes the

initial hierarchical representation of the evaluation problem. Other

Notes in the series are N-1671/1-AF, which provides an overview of

command and control evaluation and the subjective measurement method and

details a conflict environment associated with the evaluation problem,

and N-1671/3-AF, which reports the results of preliminary

investigations. Further Notes will be added as the evaluation proceeds.

The research is being done under the Project AIR FORCE-sponsored project

"Taciicai Air Command and Control."
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I. INTRODUCTION

We are conducting a subjective analysis of the impact of

battlefield intelligence on the ability of tactical air command and

control to effectively employ tactical air forces against enemy second

echelon ground forces. The analysis utilizes our newly formulated

Subjective Transfer Function (STF) approach to complex systems analysis

and will serve to demonstrate and refine it.[l]

In Volume I (Callero, Naslund, and Veit, 1981) of this series of

Notes, we defined the evaluation problem, described an exemplary

conflict environment, and explained the subjective transfer function

approach. The first step in applying the subjective transfer function

approach is to construct an initial representation of the problem

domain. This representation reflects initial hypotheses about what are

the important components of the domain and how they are interrelated.

It provides the framework for testing these hypotheses by measuring

professional judgments.

In this Note we present an initial representation for the specific

problem of interest. In the remainder of this section we review the

problem and its interpretation in subjective measurement terms, and

review the STF approach to formulating an initial representation.

[1) For a detailed description of the subjective transfer function
approach, see Veit and Callero (1981). An overview is given in Callero,
Naslund, and Veit (1981).

aim=!
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PROBLEM REVIEW

To briefly review, the problem of interest [21 stems from the

potential provided by developing reconnaissance and surveillance systems

to significantly increase the amount and improve the quality of

battlefield intelligence. Our analysis task is to evaluate tactica'l air

command and control capability to effectively employ tactical air

against targets [3] in the enemy second echelon area given different

levels of information about the enemy second echelon forces.

Information levels of interest range from what currently can be expected

to what can be expected under enhanced collection capabilities.

A Korean-like theater conflict is to be used as a backdrop for the

evaluation. Second echelon forces are considered to be reinforcing

forces (not in direct contact with friendly forces) but which are in a

position to directly affect friendly forces. The second echelon area is

considered to range from 10 to 100 kilometers from the immediate area of

ground force contact.

In applying subjective measurement to this evaluation problem, we

seek to accurately determine military professionals' judgments about the

effects that different levels of information about enemy second echelon

forces would have on the effectiveness of the employment of tactical air

against those forces. Following the evaluation concepts set forth in

Volume I, effective employment of tactical air will be considered in

terms of its influence on the outcome of the land battle.

[2] The problem was defined in conjunction with Air Force personnel
from the Tactical Air Command, the Tactical Air Forces Interoperability

Group (TAFIG), and Headquarters, Air Force, Studies and Analysis.
[3] We define target as "an object of military value."
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INITIAL REPRESENTATION FORMULATION REVIEW

The main points from the discussion in Volume I on formulation of

an initial representation of the problem domain are briefly reviewed

below.

The representation must be constructed so as to relate system

components of specific interest to system outcomes of specific interest.

In the problem defined above, components of specific interest are those

related to information about enemy second echelon forces. Outcomes of

specific interest are (1) the ability of the command and control system

to perform its functions, (2) the performance of tactical air

operations, and (3) the outcome of the land battle.

System components are referred to as "primitive" if no other

components in the representation are hypothesized to affect them.

Primitive components provide the basis for defining specific systems and

assessing what effect changes to a system have on achieving desired

outcomes. Non-primitive components are hypothesized to be affected by

other components. Hence, non-primitive components reflect system

outcomes, since in any particular system, their quality, condition, or

capability results from the effects of system components.

An initial system representation develops from the hypotheses of

"experts" about what system components affect the important system

outcomes. The numerous system hypotheses are represented by an

hierarchical structure composed of components linked together in

experimental units." Each experimental unit links a non-primitive

component, which represents an hypothesized system outcome, with three

to five components (either primitive or non-primitive) that are

hypothesized to directly affect that outcome.
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Components that are hypothesized to directly affect a system

outcome are the independent variables in experiments investigating their

effects on that outcome. For each of these components we must detL mine

four or five descriptive levels spanning the "best" to "worst" expected

quality, condition, or capability relevant to the component. These

descriptive levels are manipulated in experimental designs that allow

tests of main and interaction effects of the components on judgments, as

well as tests of hypothesized models (referred to as subjective transfer

functions for reasons described in Veit and Callero, 1981) that specify

the nature of these effects.

The initial system representation is only a starting point. The

system representation evolves iteratively as the hypotheses are tested.

Inclusion or exclusion of hypothesized system components depends on

their meaningfulness to the respondent population and their empirical

effects on judged outcomes. When components initially selected to

define a system do not affect judgments of hypothesized outcomes

(determined through statistical analyses), they are eliminated from the

representation and, possibly, new components are tested. The final

complex system representation emerges only after empirical support has

been obtained for the effects of all hypothesized components on judged

outcomes.

1-- ... . ' " " . .......------.......------------------ .. .. . ..... .....---- - .
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II. THE INITIAL HIERARCHICAL REPRESENTATION

Using the evaluation problem description and the representation

concepts discussed above, we have formulated an initial representation

of the evaluation problem domain. In this section we display and

describe the overall representation. In Section III we detail the

definitions and description levels for each component.

The goal in formulating this initial representation is to relate

information available to the tactical air command and control system

pertaining to enemy second echelon forces and other targets in the

second echelon area to the influence of tactical air on the outcome of a

land battle. Furthermore, included in that relationship must be the

important outcomes affected by that information which are relevant to

the command and control process and the employment of tactical air

against the second echelon targets.

OVERALL REPRESENTATION

The overall hierarchical representation is shown in the 3 panels of

Fig. 1. To facilitate discussion, we have labeled the hierarchical

tiers inp!t, element, function, and employment. The experimental units

are numbered on the link between the non-primitive component (the

outcome) and the components hypothesized to affect it.

The three panels result from our hypothesis reflected in

experimental unit 1 that the land battle is affected by employing

tactical air to perform three distinct Lactical air actions--engage

fixed targets (panel A), engage stationary force elements (panel B), and

•--A
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engage moving force elements (panel C). Each of these tactical air

action components at the employment tier is hypothesized in experimental

units 20 (panel A), 10 (panel B) and 30 (panel C), respectively, to be

affected by the command and control process functions of plan, direct

and control, and the attack capabilities of the available tactical air

forces. The remaining experimental units follow the same concept of

reflecting causal hypotheses, and the reader is left to observe them

directly from the Fig. 1 panels.

Each of the panels has the same general hypothesized representation

structure below the employment tier. However, it must be recognized

that, although the names of components at different places in the

representation are the same, the components generally will refer to

markedly different entiLies, concepts, or actions. They must be

considered only in the context of their position in the representation.

For example, attack capability against fixed targets generally results

from considerably different weapon system configurations and tactics

than does attack capability against moving force elements. Similarly at

the input tier in panel A, the Precision, Amount, and Currency

components hypothesized to affect enemy information in experimental unit

23 are not at all the same as the components with the same name in

experimental unit 24. They stem from entirely different information

collection systems and refer to entirely different items of information.

These differences will become more apparent from the more detailed

discussion of the components in Section III.

AV
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PRIMITIVE COMPONENTS TO DEFINE SYSTEMS

In Volume I [I] we describe how particular command and control

systems to be evaluated are defined by specifying descriptive levels for

each of the primitive components in the representation. The initial

representation displayed contains 54 primitive components with which to

define a system. They are the 36 components at the input tier; the 12

components for Enemy Information Display and Friendly Information

Display at the element tier; and the six components for Direct and

Attack Capability at the function tier.

Descriptive levels of primitive components can reflect actual or

postulated real world conditions to describe a system. Levels

reflecting actual conditions would be used to evaluate an existing

system or to provide a basis of comparison for new (non-existent)

systems that can be described by postulated conditions. This ability to

reflect postulated conditions permits us to determine conditions that

are perceived to produce desired effects. Once the subjective transfer

functions (which specify the relationships among the components) are

determined, system outcomes can be predicted for any combination of

descriptive levels of the primitive components. Hence, the level of one

or more components can be systematically changed to investigate the

perceived effects the changes have on system outcomes and to seek out

levels which produce desired effects. Or, stated another way, to seek

out postulated systems which produce desired results.

For example, the Attack Capability components in the employment

tier permit investigation of the effect on the predicted land battle

[1] Callero, Naslund, and Veit (1981), pp. 24-26.
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outcome of different allocations of attack capability among the three

target categories. Since the levels of the Attack Capability components

directly reflect the allocation, different allocations would be

investigated by specifying different feasible combinations of levels

(i.e., ones that did not exceed the overall available attack capability)

for the three Attack Capability components. A total attack capability

would be reflected in the tactical air order of battle for a particular

scenario or conflict situation, so allocation is an important

operational decision which could be aided by this investigation. Other

examples which could be of interest are Enemy Information Display

components (what information processing and display systems are

perceived to abet the decisionmaking processes and how they affect

the utility and cost effectiveness of improved information collection

systems), and of course, the Precision, Amount, and Currency components

related to enemy information (how different levels of these components

affect system outcomes), which are the specific focus of the

investigation.

It may be necessary to conduct special experiments below the input

tier in order to reflect a particular reconnaissance or surveillance

system. For example, a descriptive level for the Currency components

linked to the Enemy Information components may not be possible to

determine directly from the collection system specifications. However,

the currency of the information reported to the command and control

system by that collection system may be definable in terms of how

frequently the battlefield is observed (a function of how many

collection devices there are) and how long it takes to process the

_ '=. ' _ -,I .... ,- . f'?, 3.
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information and transmit it to the command and control system (a

function of the system's processing and communications technology). In

this case, an experimental unit would be added at each of the

appropriate Currency components which would link Currency to a component

reflecting the frequency of observation and component reflecting the

reporting time interval. These new experimental units would then be

tested in the same manner as the others.[2]

We next look at the experimental units and components in detail.

[2] An illustration of such an excursion is described in Volume III

(Veit, Rose, and Callero, 1981), Section V.
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III. COMPONENT DEFINITIONS AND DESCRIPTIVE LEVELS

In this section we provide detailed definitions and descriptive

levels for each of the components in the initial representation.

Following a discussion of experimental unit 1, the information is

presented in figures sequentially by experimental unit numbers.

Recall from Section I that for each component that is hypothesized

to directly affect a system outcome we must determine four or five

descriptive levels spanning the "best" to "worst" expected quality,

condition, or capability relevant to the component. We have selected

high and low descriptive levels for the components reflecting perfect

characteristics and completely inadequate characteristics, respectively.

This does not reflect a view that either of those levels are to be

expected. They were selected to provide a representation applicable to

a wide range of potential systems as well as to the current systems.

EXPERIMENTAL UNIT 1

Experimental unit 1 represents the hypothesis that the outcome of

the Land Battle is affected by the employment of tactical air in the

second echelon area to engage stationary enemy force elements, to engage

fixed targets, and to engage moving enemy force elements, and that the

influence of tactical air on the outcome can be perceived by considering

these three tactical air actions. The effects the tactical air actions

are hypothesized to have on the outcome of the land battle range from a

POIMOAt
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best of

Tactical air actions deny enemy second echelon force movement

toward the area of conflict and preclude them from affecting

the outcome of the land battle, thereby assuring that the

friendly forces win.

to a worst of

Tactical air actions insignificantly affect the number and

rates of movement of enemy second echelon forces toward the

area of conflict and their contribution to the land battle,

thereby having essentially no influence on the outcome.

Experimental unit 1 is depicted in Fig. 2 with the definitions and

the descriptive levels of the independent variables (components).

S LND BATTLE

ENGAGE ENGAGE ENGAGE

STATIONARY FORCE FIXED MOVING FORCE

ELEH S TARGETS ELEMENTS

The effects of plan- The effects of The effects of

ning. directing, and planning. directing, planning, directing.

controlling functions and controlling and controlling

and tacAir weapons functions and tacair functions and tacair

against stationary weapons against fixed weapons against moving

force ele ens in the targets in the second force elements in the

second echelon area echelon area second echelon area

I Destruction of 75% 1. Destruction of 75' 1. Destruction of 75.

or more of the or more of the or more of the

important station- important fixed important moving

ar) force elements targets force elements

2. Destruction of 50'. 2. Destruction of 50% 2. Destruction of 50'.

of the important of the important of the important

stationary force fixed targets moving force

elements elements

3 Destruction of 251. 3. Destruction of 25% 3. Destruction of 25%

of the important of the inportant of the important

stationary force fixed targets moving force

elements elements

4 Destruction of 4. Destruction of 4. Destruction of

less than 10'. of less than 10. of less than 101. of

the important the important the important

stationary force fixed targets moving force

elements elements

Fig. 2--Experimental unit 1
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THE OTHER EXPERIMENTAL UNITS

In this section the other experimental units shown in panels A, B

and C of Fig. 1 are displayed in a series of figures. In each figure,

dashed boxes and lines indicate the lineage of the experimental unit and

all definitions and descriptions are relevant to that lineage. For

example, in Fig. 4 the definition of the Plan component applies to the

engagement of stationary force elements in influencing the outcome of

the land battle. But in Fig. 11 the definition (in the same words)

applies to the engagement of fixed targets in influencing the outcome of

the land battle. Similarly, the definitions and descriptive levels of

the independent variables (components) in these figures apply to

planning for engaging stationary force elements and planning for

engaging fixed targets, respectively.

77- =7
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ENGAGE
STATIONARY FORCE

The effects of plan-
ning, directing, and
concrilling functions

and tacair weapons

against stationary

force elements in the
second echelon area

PLAN; DIRE CT C0ONTROL ATTfACK CAPAB ILITY

The rparaion of The function of issuinS Monitor the execution The overall capability
1ln 0or f.utre use. orders. It occurs of planned operastions of the weapons systems

It occurs priJor to t he throughout the operations and adjust them to allocated to attack

affected operations planning and employment meet the demands of targets in the second
period periods and ib exemplified the current situation, echelon area

in communications aspects It occurs during the
execution period of
military operations

1. The planning function 1. Tasking orders are 1. The control I. Capable of destroy-
has the ability to correctly communicated function has the ing 75% or more of
identify all of the to operational units ability to ident- the important tar-
important targets and in time to execute Ify all of the gets in the second
utilize all of the them: more than 90% important targets echelon area
available attack of the time and utilize all
capability of the available

attack capability

2. Ability to identify 2. Tasking orders are 2. Ability to ident- 2. Capable of destroy-
most of the important correctly communicated ify most of the ing SU% of the
targets and utilize to operational units important targets important targets
most of the available in time to execute and utilize most in the second

attack capability them between 60l-90% of the available echelon area

of the time attack capability

3. Ability to identify 3. Tasking orders are 3. Ability to ident- 3. Capable of destroy-
some of the important correctly communicated ify some of the ing 25% of the
targets and utilize to operational units important targets Important targets

some of the available in time to execute and utilize some in the second
attack capability them: between 301-60% of the available echelon area

of the tie attack capability

4. Unable to identify 4. Tasking orders are 4. Unable to identify 4. Capable of destroy-

the important targets correctly communicated the important ing less than 103
to operational units targets of the important
in time to execute targets in the
them: less than 10 second echelon area
of the time

Fig. 3--Experimental Unit 10
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ENGAGE I
STATIONARY

FOR'CE ELEMENTS

PLAN

The Preparation of plans
for fuueus. occurs
pror to the 1-ece
operations piriod

ENEMY ENEMY FRIENDLY FRIENDL.Y
IN FORMATION INFORMATION DISPLAY INFIORMATION INFORMAT ION DISPLAY

Relevant info rmation The means by which enemy Relevan t informat ion The means by which
on enemy capah il iti i nf.ormation is displayed on f riendly events, eney information I.,

events, and resource to the decisionmaner rourcs and di'played to the
capabilities decisioounher

1. Enm in formati'On 1. Automated group and 1. Friendly isfor- 1. Auto atad goop and
hasgreat uiiy individua graphic and matin has great Individual graphic and

character dis plays utility chatracter dis Play.

2. Good utility 2. Automated individual 2. Good utility 2. Automated individual
graphic and character graphic and character
displays displays

3. Fair utility 3. Automated indicidual 3. Pair utility 3. Aunt .d Individual
character displays, Character displays
plus prin touts, plus printouts,
greasehoards, and maps greanebourds and naps

h. Poor utility 4. Printouts greasehoards 4. Poor utility 4. Printouts, greasehoards
and nape and mays

S. Very poor utility S. Very poor utility

Fig. 4--Experimental Unit 11
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E:NGAGE
STAT IONARY I

F-'is E LL}IfNTS I

.oiltor th e exc t jot,

01 pl., Il ed of i at ions

aeet t he dolnallds of
1 h, cl~ireilt Si ti oi

It ocul , dui,- the
torlut oil period of
miltary operations

ENEMY ENLMY FRIENDLY FR I ENILY
INIORMIATION INFUORlATIUN DISPLAY INFMoiA'rIUN INFORATION DISPLAY

e1- Lt iitrciat on Thie AIS by wi ch e tit y RIele vnoit Infornation The e ils by h,ll t. ,..y
I -ellcry Iapabi ibies, llfornr 11.0- in liufllayed on enemy capabl i It-, informatio i displayed
nmllt, land reoceu to it. n t '1i i' a event , aId re-oc11e- to the deinionmafker

E nliemy tnfota titon 1. Autorted 'roip and 1. Friendly infor- I Autoanted group and
has great utility iidividual g-r -ic and Matill has great Irdiividual grdphic and

Chlaltvr display utiflity ch.ractnr displays

2. Good utility 2. Autoiated iludllliui 2. Good utility 2. Automated indldtil
gi phll arid character graphic and chara-ctr
displays displays

3. Fir utility 3. A--tthlei iidivndual 3. Fair utility 3. Automated idinidual
dLI. al.tr I fplays, chuotapter displays,
pln .pintouts, plus Plintouts,
greatioaldn, aid rtap greueboards, and maps

4. Pont utility 4. Pr-touts., rean-toerds 4. Four utility 4. Printouts, greaseboards

and mafia and maps

. Very flo t itrir S. Very poor ut ility

Fig. --l'xpe r i men t a I Un it 12
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LAND UrLE

STATIONARY I
FORCE ELEMNTS I

rT
I PLAN
L

END13j
IThTOLMATION

Relevant information
Ion enemy capabilities,
events, and resources

PRECISION AKOLJNT CULRENCY

How accurate relevant How much of the How recently relevant
data on enemy relevant data on enemy data on enemy

resources, events, and resources, events, and resources, events, and
capabilities reported capabilities has been capabilities reported

to the co- and and reported to the to the command and
conrroi system are cowjd and control control system have

system been observed

1. Precise data on 1. Have data on all 1. Data are
targets; precise enemy events extremely current

data on enemy
c apabil ities

2. Precise data on 2- Data on most enemy 2. Data are quite
targets; general 'vents current

data on enemy
capabilities

3. General data on 3. Data on some enemy 3. Data are fairly

targets; general events current

data on enemy
capabilities

4. Enemy data are 4. Data on only a small 4. Data are slightly
unreliable proportion of enemy current

events

S. Data are not at

all current

Fig. B--Experimental Unit 13
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LAI BATTLE *

!NCAGE
I STATIONARY I

I FORCE ELENTS I

PI AN
J

FR15NDLY

ISTORILATION

celevmnt infomation
on friendly events
rusoures .ed
cc abilities

PRECISION A-113 L CURRENCY

Ham accurate relevant Hou much of the Hou recently relevant

data on fr iendlIy relevant data on data on friendly
events 5 r.sorces, and friendly events, events, resources, end
capabi ties reported resurces and ;ca pabilities reported

to the co- ad and cabahiiies bas been to the command and
control system are reported to the control system have

command and control been observed
system

1. Precise data on 1. Have data on all 1. Data are
friendly resources; friendly events extremely current
precise data on
frierdly capabilities

2 Precise data on 2. Data on most 2. Data are quite
friendly resources; friendly events current
general data on
friendly capabilities

3. General data on 3. Data on some 3. Data are fairly
friendly resources; friendly events current
general data on
friendly capabilities

4. Friendly data are 4. Data on only a 4. Data are
unreliable small proportion of slightly current

friendly events

'5. Data are not at

all current

Fig. 7--Experimental Unit 14
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- CONTROL i

ENEMY
INTOR.MATION

Relevant information
on enemy capabilities,
events, and resources

i ow accurate relevant How, much of the How recen tly relevant
dt a on eemy relevant data on enemy data on enemy

resources, events, an resources, events, and resources, events. and
capabilities reported capabilities has been capabilities reported
to the co.nd .nd reported to the io the coand end
control system are command end control control system have

system been observed

1. Precise data on 1. Have data on all 1. Data are
force elements; enemy events extremely current
can discriminate
types of vehicles

2. Same as 1, except 2. Data on most enemy 2. Data are quite
can only discrim- events current
inste vehicles
emitting radio!
cader signals

3. Same as I, except 3. Data on some enemy 3. Data are fairly
canot discrim- events current
inate vehicles

4. Precise data on 4. Data on only a 4. Data are slightly
force elements; small proportion current
general data on of enemy events

vehicles

5, General data on 5. Data are not at
force elementsl all current
general data on
vehicles

Fig. 8--Experimental Unit 15
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CONTROL

T
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Relevant information

on friendly events,

resources, and
t capabilties

DECISION AMOL",T CURRENCY

Ho- accurate relevant lom much of the Hou- recently relevant
data on friendly relevant data on data on friendly
oeents,,resou rces, and frienrdly events, events, resour es, and
c apabilities reported resources, and c apabili tiesureported
t o I he command and capabilities h as been to the command and

control system are reported to the control system have
command and control been observed
system

1, Precise data on i. Have data on all 1. Data are

friendly resources; friendly events extremely current

precise data on
friendly capabilities

2. Precise data on 2. Data on most 2. Data are quite

friendly resources; friendly events current
general data on
friendly capabilities

3. General data on 3. Data on some 3. Data are fairly

friendly resources; friendly events current

general data on
friendly capabilities

4. Friendly data are 4. Data on only a 4. Data are

unreliable small proportion slightly current

of friendly events

5. Data are not at

_ all current

Fig. 9--Experimental Unit 16
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ENGAGE
FIXED

TARGETS

The effects of

planing. directing,
and controlling

f!nctions mod tacair

weapons aainst 
I xed

targets in the second
echelon area

PLAN DIRECT COMTE Z L ATIACk CAl*-;ITY

The preparaton of.. Thefunction of issuing Monitor the executior Thet o er:all caabilit y)lens for future use orders. It occurs of planned oe d tio 1: of hv wepns syete"s
It occurs prior I the throughout the operations and adjust them to allocated to attack

affected operations planning and employment meet the demands of targets in the second
period periods and is exemplified the current ausuaion., ec'elon arma

in Coommunications aspects It occurs during .he

axcut ion perJ of
mitary operations

I. The planning function 1. Tasking orders are 1. The control I Capable of destroy-
has the ability to correctly communicated function has the In 75'. or more of
identify all of the to operational uIts ability to Idant- the important tar-
important targets and in time to execute ify all of the gets In the second
utIlize all of the them: more than 90. Important targets echelon area
available attack of the time and utilize all
capability of the available

attack capability

2. Ability to identify 2. Tasking orders are 2. Ability to ident- 2. Capable of destroy-
most of the important correctly communicated ify most of the log 50. of the
targets and utilize to operational units important targets important targets
most of the available in time to execute and utilize most in the second
attack capability them: between 60-90. of the available echelon area

of the time attack capability

3. Ability to identify 3. Tasking orders are 3. Ability to ident- 3. Capable of destroy-
some of the important correctly communicated ify Some of the ing 

2
51 of the

targets and utilize . to operational units important targets important targets
some of the available in time to execute and utilize some in the second
attack capability them: between 302-60% of the available echelon area

of the time attack capability

4. Unable to identify 4. Tasking orders are 4. Unable to identify 4. Capable of destroy-
the important targets correctly communicated the important in& less than 10*

to operational units targets of the important
in time to execute targets in the
them: less thani 103 second echelon ,ea
of the time

Fig. lO--Experimental Unit 20
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* ENGAGE
F1541) I

events, ~ ~ ~ ~ ~ ~ p an eore otedcuoakr reoreaddslydto thefeLI i. my infrmation 1. utoisuted gop~ at I.n p redleriod.Auoatdgou n

hasvny gifre"atutlit Ihediviue b aphich nd Rlvnfomation Th. Indiiua brahica
o.., a IIi.. chf-aracter isisplayed o uienltvns, tmy charactmr dis

2. Enooy uilfrity 2. Autom~ated indruald 1. Friedutly 2or . Automated indvupad

gphic and character graphic and character
displays displays

3. Pair utility 3. Automated individual 3. Fair utility 3. Automated individual
character displays. character displays
plus. p rin tcl.in, plus printouts,
greiiioardo. and maps greaseboards , anid maps

4. Poor utility 4 . Printouts, greanehoards.1 4. Poor utility 4. Printouts, greeseboardav
and rnipa and maps

5. Vary poor utility 1 - 5 Very poor utility _____________

Fig. 11--Experimental Unit 21
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of planned operations

and adjuntathem to

metthe demands of
the curt sit'ton.
It occurdrird.lng thle

execution period of

silIiery oz rations

INFORMATION INFORMATION DISPLAY INFXIRKAT14WI INFORMATIN DISPLAY

Relevant information The means by which enemy Relevant information The means by which enemy
on enemy capabilities. information is displayed on enemy capabilities. Information is displayed

has great utility individual graphic aol mation has greet individual graphic and
character displays utility character displays

2. Good utility 2. Automated Individual 2. Good utility 2. Automated individual
graphic and character graphic and character
displays displays

3. Fair utility 3. Automated individual 3. Fair utility 3. Automated individual
character displays. character displays,
plus printouts, pius pr~ntouts,
greaseboards. and amps greaseboards. and maps

4 Poor utility 4.. Printouts, greasehoarde 4. Poor utility 4. Printouts. greaseboardib
and mape and maps

S. Vary poor utility S. Very poor utility

Fig. 12--Experimental Unit 22
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L

ENGALGE
FIXED

I TARGETS I

I PLAN I

EN-MY

Noq~ accurate r elevant infath orathe ionrcnl rlvn

data on enemy relevant data on enemy data on enemy
resources,' evns and resources, events. and resources, events,. and
c pabshc tiesrepo'rted capabilities has been capabilities reported
to the command and reported to the to the command end
control system are command end control control system have

system been observed

1. Precise date on 1. Hae data on all 1 . Date ae
targets; precise enemy events extremely currant
data on enemy
capabilities

2. Precise data on 2. Data on most enemy 2. Date are quits
targets; general events currant
data on enemy
capabilities

3. General date on 3. Dlata on some enemy 3. Date are fairly

targets; general evants current
data on enemy
capabilities

4. Enemy date are 4. Data on only a small 4. Data are slightly
unreliable proportion of enemy currant

events

5. Dots are not at
all current

Fig. 13--Experimental Unit 23
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data on friendlyRelevant dfiata on dt nfil
events, reources, an friendly events. vns eore n
capabiliies repoted resurces, .adcpalteeotd
to the comand and capbil ieshsbe t hcmn ad

Ho crolsytea reported of the cntro.ly yseleant
d~t a Ir tdoe?~an edat conto bee n obsrvedl

I end rsc esd friendly events eve tremeo ure mn

frenl capaoilte s eore.adcpaiiisrpre
2. Prcihae n2 altes hnams bee atcan arequt

foriel y reures poredl toteet crrenythv
ceneral detd ootonbebsre

I. Geeisl dateaon 3. Hadat on alle 3. Data are fil

frie ndly resources; friendly events cxrrentycurs
gsere data on
friendly capabilities

2 Preiel datear n . Data on moslt a 2 Data arequt
unrelal smlo rinly propotos o sli ht cu en

friefiendl eventsios

3 Go~rdl de:.o 3.Dataon m@1. Deta are sotrat

fri ,, e urss; rienly allt current

Fig. 1--Exprimntal e nint 2
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ENGAGE -

FIXEDI TRGETS

I CONTROL
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INTORMT]ON

Relevant information

on enemy capabilities.

events, and resources

Ho accurate relevnt Now such of the Now recently relevant
date I, enemy relecant dsta on enemy data on enemy
resources, events. I, resources, *vants and resources, events, and
capablIitieS reported capabiluties has been capabilities reported
tc the command and reported to the to the command and
control system are command and control control system have

systel been observed

I Precise data on I Have date on all I. Data are
tL ed targets. enemy evencs eacremely currant
preci.e data on
all vehicles.

car dscr,'"nat

2 Sam as IS]. ecept 2 Data on most enemy 2. Date are quite
ce olydicra- events turrent

lote vehicles
Geitt In rado./
radar signals

3 Same as 1. eacept 3 Data an some enemny 3. Deta are fairly
cannot discri - events current
n at. vehles

4 Precise date on 4 Data on only a 4. Date ere slightly
fIsed targs, small proportion current
gelneral d.'o o of enemy events
vehicles

5 General date 00 Date art Dot at
fixed targets. all current

Sonala data opl

Fig. I1--Experimental Unit 25
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I TARGETS

r -OWOL I
Reevn yrfous Io

r..ro and. .

= 'o. ccura rl revent Hon such of the, Hmn recontly relevant
data on trIendly relevant doaao dot aon f r ndly
ewent. reoua e arid friendly #vent*, events, rofiourceS and
acabllitle reported resources. and capabilities reported
to the croemnd and capobillt les has been to the commmid end
control sysem at. reported to the control cyc.. bv&

comemnd and control been observed
system

I Precis, data on I Pla.. data on all I Data are
friendy rTasources, friendly oenets *attfAely Clirrant
pr 0 -i . data on

friod ly Iapabilties

2 re .dot: on.. 2 Date on most 2 Date ore quite
fre y re freIndly events current

friendly capabilitlos

3 Gealton 3 Date on aome S Data are fairlyfrndIV rsomurces. friendly events current

enrldata on
friendly capabilities

d Friendly data are 4 Dat aon only a Data t are
tbIe .1all proportion slightly current

of friendly evente

S Date are no at

all current

V g. lh--F nxperimntrl UnIt 26
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LANID BATTU I

EIGAGE
HOVINC FORCE

ELEMENTS

The effects of
planning, directing
end controlling
functions, and tcair
weapons against moving

second echelon area

affected operatieons planning and employment mest the demands of targets in the second
period periods and is excemplified the currenc situation. echelon arme

in communications espects It occurs during the
execution Period of
miIit ary operetions5

1. The plomnin& function I. Tasking orders are I. The control 1. Capable of destroy-
bes the ability to correctly commun icated function has the ing 75. or more of
,dent,!fy all of the to operational units ability to ident- the importent tar-
sportant targets and in time to execute ify all of the gets in the second

ava Iabl attach of the t imps and utilize all
capability Of the available

attack capahility

2. Ability to identify 2. Tasking orders era 2. Ability to ident- 2. Capable of destroy-
most of the important correctly commun icated ify most of the Ing 501. of the

t argets and utilize to operational units important targets important targets
most of the available in time to execute and utilize most in the second
.ttack capability them: between302-602 of the available echelon area

of the tiM attach capability

3 Ability to identify 3. Tasking orders are 3- Ability to ident- 3. Capable of destroy-
some of the important correctly comnicated Ify some of the Ieg 252, of the
targets and utilize to opensteonel units important targets important targets
some of the available In time to execute and stiliz. somee in the second
attach capability them, between 302-602 Of the available echelon area

of the time attack capability

5. Unable to identify 4 Tasking Orders era 4. Unaile to identify 4,. Capable of destroy-
the importanet targets correctly communicated the important Ing less than I0OL

tn operational unite targets of the import ant
In time to axctte targets in the
them lass than 10% second echelon area

o f the Itme

Fig. I 7--IKxptrimtntal it 51)
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The preparation of plans i

for nu ure usen i d occursevr ats the aaescted a

oppabilitie deciion ke
FN EMY ENEMY FRIENrDLY FRIENDLY

INFORMATION INFORMATION DISPLAY INFORMATION INFORMATION DISPLAY

Relevant information The ... ns by which eneiny Relevant inlformation The means by which
on enemy capabilities, information is dispIlayed on friendly events, enemy information is

events , and resources to the decisromaker resources, and displayed to the

capabilities deLisiormaker

I Enemy information I Automated group and l. Friendly infor- 1. Automated group and
has great utility individual graphic and eation has great individual graphic and

character displays and utility character displays

Good utility 2 Automated individual 2. Good utility 2 Automated individual
graphic and character graphic and character
displays displays

3. Fair utility 3. Automated individual 3. Fair utility 3. Automated individual
character displays, character displays,
plus printouts, plus printouts,
greaseboards, and maps greaseboards, and maps

4. Poor utility 4 Printouts, greaseboards 4. Poor utility 4. Printouts, greaseboards
and maps and taps

5 Very poor utility 5. Very poor utility

Fig. 18--Experimentat Unit 31
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Relevant ~ ~ ~ ~ ~ 'lnio inorato Th-en-ywic nm eeti raio h nn ywic nm

on enemy capabilities~" I in o m t o s d s la n p r ton s e y c p b l t e . I lo m t in i i p a e

events.~ ~ ~ ~ ~ ~ ~~~~~n hod j'at.~ to th theimomae etsadrsovs t h ciinae

has great ~~ i -tiic i"iida g-pi a d t ' o o Ias gta ihiida gapi ncharacterti~ diepiay . tlt1hrctrdsly

2. Goodutility 2. Autoated i iia y 2.erat on du iy2 uomtdidnd

grlv norain Temaphs ab d whcharacery Reeatinorton T maphi and whcharacter
on nm pb. i nomt ,display eon nmycpblt- ifainis di lp laysd

3. Pen uilf ity 13. Automated idividald 3. Par i lityo 3. Automated individunl

character displaysuilt chara.cter displays,

2. Pood utility 2. Aritots, grndi eidu cd 2 . Pood utility 2. Arutouats. individuald

gacand ps te gapi and ps cte

3. Veai or utility 3. Atmtdidvda5. Varyir utility 3. Atm edi iv ua

Fig. 19--Experimental Unit 32
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PRECISION AMOUNT CURRENCY

Now accurate relevant Now much of !the Hos'recently relevant
data on enemy relevant d a on enemy dat on enemy
resources, events, and resources. events, and resources, events , an
capabilities reported capahulities has been capahilities reported

to the comand and reported tc the to the command and
control system are command and control control system have

system beer observed

-

1. Precise data on 1. Have data on all 1. Date are
targets; precise enemy events extremely --urrent
datea on enemy
capab il1it ies

2. Precise data on 2. Data on most enemy 2. Data are quite
targets; general events crrent

data on enemy
capabilities

3. General data on 3. Data on some enemy 3. Data are fairly
targets; general events current
data on enemycapabilities

4. Enemy data are 4. Dat a on only a small 4. Data are slightly
nreliable proportion of enemy current

events

5. Data are not at
all current

Fig. 20--Experimental Unit 33
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I NFORMqATI ON

Relevant informat on
on friendly events,

p resources . and

capabilities

PRE CI S ION AMN.T CURRENCY

How accurate relevant How much of the How recently relevant
dat or friendly rel evant data on datl on friendly

ien y resou rcesand friendly events, events, resource ra
capabiliities repored resources , and capabilities reported

to the comand and capabilities has be" to the comand and
control system are reported to the control system have

command and control been observed

1. Precise date on 2. data on all 1. Datea are
friendy resources; friendly events extremely current
precise date on
friendly capabilities

3. prenise data o 2. Date on mst 2. Data are quite
friendly resources; friendly events current
general 

data onfriendly capabilities

3. General data on. 3. Data on soy 3. Data are fairly
friend ly resources; friendly events current
seneraI dat o
friendly capabilities

F. riendly dat a re . Data on only a . Data r *
untelible seall proportion of slightly current

friendly events

S. Data ere not et
all current

Fig. 21--Experimental Unit 34
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data on enemyRelevant dnfotaionenm dtaoee
onpa einemy a b capabilitiesrpre

Mmacurtereevnt Ho mchofthe tow thecnd reean

d. Prcs daelon 1. vane data on allm 1.date r em
frces eleents; an enre, events. n retlurreeentan

typesm ofe vehecles

1. Sance aa , exep 1. Datedt on ost enm 1. Data arequt

can onlydsriiae entcurt
teso vehicles

2. Sameoasy1, except 2. Date on some enemy 2. Deta ae qairly
cannt diCrim- events currant
inate vehicles

3. Precie atexcp on 3. Data on soly anm 4. Data are fairhly

fanor eletments emaen ro or io current

ievehicles

4. Preiera data on 4.Dt nol . Data are noitlt
force elements; alllpoprto currnt
general data on ofemyvnt
vehicles

Fig. 22--Experimental Unit 35
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dataon friendlyrelvant doration dt nfin
events, ~ ~ ~ o raucan friendly events, eetrcure n
capabihti reported re sources, and pbiiisrote
to the comand andcapabilities hs t h omn n

contccr:rol eat been rephote to Hontrecl re ae

d.o ecst dt on 1.i dH eean data on al .data renl
friendl resources n friendly ens, ev entstresoy uren

fritecond candcaabltislitiate omad n

2. Precise data on 2. Hadata on oa l 2. Date arequt
friendly resources; friendly events curreneycurn
pee date on
friendly capabilities

2. Preniera date on 2. Data on msa 3. Date are qairly
friendly resources; friendly events current
general data on
friendly capabilities

4. Friendly data are 4. Data on only a 4. Date are
unreliable small proportion slightly current

of friendly events

5. Data are not at

all current

Fig. 23--Experimental Unit 36
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